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Sensor System Study for Intelligence
Biped Walking Robot

You — Shin Kim

Department of Mechanical Engineering
Graduate School, Korea Maritime University

Abstract

In this paper, for intelligence of the biped walking robot which has been
developed in the intelligent robot and automation lab was studied and applied to
the robot. Various sensors were applied for the developed BWR to autonomously
and intelligent walk in unknown environments. To measure the distance between
the object and BWR to avoid obstacle, ultrasonic sensor and infrared-rays sensor
were used. To identify surrounding environments, vision system was used. Gyro
sensor was used to control the posture of BWR. Also, piezoelectricity sensor was
used to identity foot landing on the surface the tilt detection of the floor. Sensors
applied to the robot have measurement errors according to the condition of noise
or walking environment. To improve the function of these sensors, influences of
noise or errors were minimized using the sensor fusion scheme. An experiment

using the sensor fusion system was performed.
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Fig. 2.1 Structure of the joint actuator
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(c) The actuator of the ankle joint and Four—-bar-link modeling

Fig. 2.3 Joint actuator of the Biped Walking Robot
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Table 3.1 Specification for Biped Walkig Robot

Leg Arm Head
Foot Ankle Knee Pelvis | Shoulder Eye Neck
(roll) (pitch) (pitch) (pitch) (pitch) (yaw) (pitch)
DC DC DC DC DC
BLDC RC
Motor Servo Servo Servo Servo Servo
50W Servo
90W 90W 90W 90W 90W
Voltage 15V 15V 15V 15V 24V 5V 15V
Reduction
278.4:1 5.8:1 5.8:1 5.8:1 100:1 14:1
Ratio
Ballscrew
4 mm 4 mm 4 mm
Lead
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Table 4.1 How the X and Y axes respond to changes in tilt

X Axis

Orientation to

X Output

Y Output

X Output(g)

A per Degree

Y Output(g)

A per Degree

Horizon(®) of Tilt(mg) of Tilt(mg)
-90 -1.000 -0.2 0.000 17.5
=75 -0.966 4.4 0.259 16.9
-60 -0.866 8.6 0.500 15.2
-45 -0.707 12.2 0.707 12.4
-30 -0.500 15.0 0.866 8.9
-15 -0.259 16.8 0.966 4.7

0 0.000 17.5 1.000 0.2

15 0.259 16.9 0.966 -4.4
30 0.500 o). 0.866 -8.6
45 0.707 12.4 0.707 -12.2
60 0.866 8.9 0.500 -15.0
75 0.966 4.7 0.259 -16.8
90 1.000 0.2 0.000 -17.5
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Fig. 4.15 Appearance of the infrared rays sensor
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Fig. 4.18 Actuator of the vision system

VCC(+5V)
o
1uF 2k
2 [
)| AW
u2
s
15 o2 L velrr vdd 22
_| I Reset 3 RAO <
osc1 RAL [
[sspF— L 10 1 osc2 RA2 [ §
RA3 |2
OMHz RA4 8
—| 33pF RAs |——X
_1 RCO RBO -
= ccp2
PC COM Port [RS232] = e 2 RC1 RB1 3
3 21 RC2 RB2 |5
; 2 rc3 RB3 [~52 °
5| 5 o RC4 RB4
Ve e | . %51 res RBS [5° N
s = ] 5| RC6 RB6 [5g
L = RUN R10UT RC7 RB7
= N *—1 R2IN R20UT (17
o] TUN TIOUT s 10
WE X TN T20UT Vss Vvss
o o PICI6F873
1 31ct
1F 562
o~

V-
h J—/ MAX232

%%’ ———O0 VCC(4.8V ~ 6.0V )
NP symm

Fig. 4.19 Circuit of the actuator control system

32

OAJ3S

Tl0IN



i r-munuun'ﬂl o o

33



Aolm A, 2&7 AAE olEnal 2o $3 Ho mie] waln A =
wo) 71907 g H4ste 78 VAL Ao, A A SR ol B

39 sto] Hup A nE ffs) AREET, G Aol Held Al o]

o} AAksle]l Mobile Computer & Hulth v A A|2E2 A B9} HLE=Z PIC
16F873 HE7F Qlof Q14¥ EAe] JHE Mobile Computer 2 Xt} Z}zte] A

5o o)xne 2o AEuAL st BEA 255U Fig. 4.21 = A4

Az EEEE YERH

PIC 16F873 £E

Ultrasonic
Sensor

. . E ] DDD

Piezoelectric ::> 000 %
Sensor EE 0 —

Fig. 4.21 Block diagram of the sensor signal process

34



Boepd At ol%na w¥o] na A4 A4A Bad Az 4l

i
i)
—
_|>i
Ho
F
i3
I
ash
i)
)
_|>i
Ho
ki
il

)
>,

i

N,

olf

ofl

o

I

f

Og‘:,l‘

fr

e

1o

2

2

-
fr

S
b
rlr
52!
0
o
N
i)
Y
K
ri{
>,
ao
e
o)
[»
ity
o
ﬁ
-
oX,
rlo
52!
0
o
[\
o
Y
=

Sensor Board Mobile Computer
HHHA
CEED
HA CIOIH me
M A
GI0lE
Aol2H A OIEEd=ZzR
238 2H S
ZSIAA

Fig. 5.1 Block diagram of the actuating BWR

35



ﬁﬂ“ EER NN

IERASEEEER

QL MIA A MIA X0l 2 4IA

ZSMEA

Fig. 5.2 Composition of the sensor fusion system

Mobile Computer & S412& Sensor Board 2] H o=

2 2N@th A5y o%uy 229 FEL A5t BN H

-
offt
N
2
re
i)
)
i

UAb 9145 kel =tk Sensor Board =

f

3 53}o] Mobile Computer o] 7%= AlA HolE S AAtowz A

R BEEREE

HolE & Abge

s
=)
i)

WA HolE g 2ATe

Aeld AAME Fig. 5.3 9 22 322 A5 %oH, Fig. 5.4 & Fig. 5.3 vfgo=
4l

ARG A AN BES o] Z e te] B2

36

Aol A wEold,



Rt o

R71
220
o1
b a4 U3EIA24
ST-5211 [l ST-3311 btz

-+
ot [ ]
M e M=
R7E - z hbut 1

4
5

3

100k

ll}a\/\»L
W&i‘
i \

Fig. 5.4 Infrared rays sensor board attached on the BWR

WPRAA NS WAL, FHFNAE wAlE e waFe AT
LM324 ¥l7]% gobd 7% Ahurd Gel bl Ash ®me} V,, o] ¥om

A4FE % 7] (operational amplifier)®] &2 V & 5V 7F 9] Hi wtow OV

YA AA = Fig. 5.5 22 322 TAEASH, Fig. 5.6 = Fig. 5.5 & HIF o= A

A Al weel o Euaie] by AAS Uepir,



VCC_(+5V)

R27 VCC VCC
(0] (0]
FSR
08D R28
uaD %
12 ;
R29 B ; 9 umzm RAO-RA3
91k
LM324A

Fig. 5.5 Circuit of the piezoelectric sensor board

¥

Fig. 5.6 Piezoelectric sensor and piezoelectric sensor board attached on the BWR

38



PAMA F, PSR € o] Fna 2ol na FxA FSR o @& 74shd Al W
s/} A7IT. R29 Ae] A7lel wel FSR AAel shak el Alvlel dare Fuh
R29 ©) Aol AW FAAMAG] Fah Fo] AT WA B APelAE 91ke

o AR Agagon, olEnd wrel wal 2 A 2R wuiete] X F¥ o

Hlebe] A ElE Fig. 5.23 KUBIR ¢ GUI #+% 2202 3ol 3 4 9t}

Zpol 2 AA = Fig. 5.7 ¢ 3|28 T4

oL

ate] AA Ao} B Al zpo] 2 AA S V)%

7 delElE B5shed ug AL Sk

ANTENNA
X ™
VCC(3-5V)
Y =) [SY=Ya)
R1 5« L=
100 104 o > O -
Clyy 1 2 3l 4| 5
l ur T vee
o103 8 1
i 7|0 ST hsEfy, 250
Ccvji 103 5| LT 421G
+ o & YFILT COM 3 =

XOUT YoUuT
ADXL2023E = 54 Use
= Yout L ) 2 3 hn 4
74HC14 74HC14

cie
T foa010F)

} ru
U13A

LM2904

—RF

Fig. 5.7 Circuit of the gyro sensor board

39



Fig. 5.8 Fig. 5.72 74 3I2EZ nlgoz A 23k zlo] 244 HAE BZo|t),

Fig. 5.9% calibrationS 93+ Aol 2 A4 H=o|t}. Fig. 5.102 calibrationg ¢
gk Aol =AM T AAE YER ZolH, Fig. 5.112 Abol= Al ¢ 7&7]E H
E3dl7] 913 calibrationS YERA Aol

Fig. 5.12 = A% HES 7hXal AAA] Aol2 X e S8gte 42

o)

olt}.
BS a7 A AAE el A Apel2 AlAle] EEghe] 465004 4767HA] E9 o]
RS B 5 gtk o] AlA FHe B A TRl BAg).
Fig. 5.1391A4 AlA &=gk 470 A4 dAe AA =9 42§21 ek 4
A dEE e, Akl F249 et 5022 72l AEE e
olf st AHG v o R o]Fn g 2L AMgE Ao]& A= PIC16F873 R 9

QFo 2MHz o I @ ~e3} 74HCH541 3-state buffer & AFE3F a1, Elolm 0 & A}
£

p‘L
2
NI
ol
i)
=
tlo
a2
M
p‘L
9
N
o
N

] S SAHsl= o r AdS 3o, Fig.

5.14 = #to]lz AA e AHS &3 dojgo]n, Fig. 5.15 ¢ HEX= 2| o] R

Fig. 5.8 The experimental board of the gyro sensor

40



Fig. 5.9 Gyro sensor board for calibaration

Fig. 5.10 Structure of the gyro sensor device for calibration
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Fig. 5.15 Gyro sensor board attached on the BWR
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